F a m i l y h i s t o r y a n d e a r l y l i f e
G ra h a m Selby W ilson was b o rn on 10 S e p te m b e r 1895 in N ew castle u p o n T y n e . H e was th e yo u n g est of th e th re e c h ild re n of R alp h G ra h am W ilson, w ho died in 1952 aged 91, and of C aro lin e E lizab eth D algliesh, w ho d ied in 1936 aged 74. N e ith e r o f his p a re n ts w as in te re sted in n a tu ra l h isto ry or science. H is m o th e r's fam ily w ere in d irectly descen d ed fro m L o rd L ovat, w ho, w ith L o rd s K ilm arn o ck and B alm erino, was th e last of th e S co ttish lo rd s to be b eh ead ed on T o w e r H ill. H is m atern al g ra n d fa th e r was a m edical general p ra c titio n e r, and of his tw o m atern al uncles one was also a general p ra c titio n e r and th e o th e r an o p h th alm o lo g ist at D u rh a m Royal In firm ary .
T h e W ilson fam ily lived in N ew castle fro m 1895 to 1901, w h en th e fa th e r re tire d from business. T h e y th e n m oved so u th to S u tto n , S u rrey . G ra h a m W ilson was at a k in d e rg a rte n from 1901 to 1902, th e n at a p rivate school at S u tto n , ru n by a m a ster w ho h ad b een a trav eller and w ho in te re sted him in geography, from 1903 to 1907. F ro m 1907 to 1910 he was at M ill H ill School. H e a tte n d ed E pso m C ollege fro m 1911 to 1912, and was a m e m b e r o f th e F irst Eleven cricket team . O ne of th e m asters at E p som in tro d u ce d him to th e b eau ty o f th e E nglish language and to E n g lish poetry. T h e love o f E nglish he th e re b y acq u ired e n d u re d for th e rest of his life.
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W ilson took the Prelim inary Scientific E xam ination of L ondon U niversity, corresponding to the F irst M .B ., B.S. exam ination, from school in 1912, and was aw arded a Jenks M em orial Scholarship to L ondon U niversity.
H e proceeded to K in g 's College, L ond o n , 1912-1914, took the P rim ary F .R .C .S . exam ination in 1914, and was a S tu d e n t D em o n strato r in A natom y from 1914 to 1916. A t K in g 's College he was influenced by the distinguished physiologist W . D . H allib u rto n , and in ten d ed to take a B.Sc. honours degree in physiology. H ow ever, because of the outbreak of W orld W ar I he hastened to qualify in m edicine, and jo in ed the clinical course at C haring C ross H ospital M edical School. H e qualified M .R .C .S ., L .R .C .P . and M .B ., B.S (L ondon) in the au tu m n of 1916.
W hile a stu d en t at C haring C ross H ospital, W ilson undertook, at the suggestion of Professor W . W . C. T opley, F .R .S ., his first research project, on the serological diagnosis of typhoid fever (1)#. In his final year at C haring C ross (1916) he was aw arded several prizes, including the G overners' Clinical G old M edal; and in the final M .B ., B.S. exam ination he gained distinction in four subjects, and the U niversity G old M edal. H e proceeded to M .D . in 1919, and D .P .H . and M .R .C .P . in 1920.
T opley stim ulated W ilson's enthusiasm for bacteriology, and was responsible for his adopting it as a career; he inspired him th ro u g h o u t their long association. T h e ir com ing to g eth er w hen W ilson entered C haring C ross H ospital was a fortunate conjuncture indeed for the subject.
O n 12 January 1924 W ilson m arried M ary Joyce A yrton. She was a Scholar of G irto n College, C am bridge, w here she took the T rip o s in 1916. She qualified M .B ., C h.B. from C haring C ross H ospital M edical School in 1922. She w orked as research assistant to T opley, w ith a M edical R esearch C ouncil (M R C ) grant till 1939. H er uncle, M axw ell A yrton, was the architect who designed the W em bley Stadium . A n o th er uncle, Randall A yrton, was a Shakespearian actor w ith Sir F ran k B enson's com pany; yet another uncle was a w ater-colour painter. A ncestors on her fath er's side were the N icholson broth ers, w ater-colour painters, and G eorge C uilt, etcher and engraver.
P r o f e s s i o n a l c a r e e r
Im m ediately after graduating in 1916 W ilson joined the Royal A rm y M edical C orps, in w hich he served, as C aptain, until 1920. F ro m 1919 he was graded as Specialist in Bacteriology, and spent some tim e in India. H e joined T opley at C haring C ross H ospital M edical School as D em onstrator in Bacteriology in 1920. In 1923 he m oved, w ith T opley, to the U niversity of M anchester as lecturer. In 1927 he m oved, again w ith Numbers given in this form refer to entries in the bibliography at the end of the text.
T o p ley , to th e new ly fo rm ed L o n d o n School of H ygiene and T ro p ica l M edicine, as R eader in B acteriology. H e was ap p o in ted to th e C h air of B acteriology A pplied to H ygiene in 1930 and held this post u n til 1947.
T o p ley and W ilson established courses for th e D ip lo m a in B acteriology b o th at M an ch ester and at the L o n d o n School of H y g ie n e ; th e la tter in p a rtic u la r becam e an im p o rta n t tra in in g g ro u n d for m icrobiologists, w ith a w orldw ide re p u tatio n . W ilso n 's inquisitive m in d , m eticulous care, rem arkable m em ory and dedicated th o ro u g h n ess w ere ideally suited to th e teaching of bacteriology, and he was well able to tra n sm it his eru d itio n and en th u siasm to his stu d en ts and colleagues.
F ro m the o u tb reak of w ar in 1939 W ilson served in th e E m ergency P u b lic H ealth L ab o rato ry Service, of w hich he was ap p o in ted D ire c to r in 1941; he co n tin u ed as D ire c to r of th e peacetim e Public H ealth L a b o ra to ry Service (P H L S ) u n til his re tire m e n t in 1963, after w hich he W ilso n 's advice was m u ch sought after by n u m ero u s official national and in ternational bodies, especially the M in istry of H ealth , the M edical R esearch C ouncil and th e W orld H ealth O rganization. H e travelled w idely to lecture and to advise on laboratory services and laboratory design.
S c i e n t i f i c w o r k
It is convenient to study the w ork u n d e r headings em bracing the relevant publications.
Salmonellae and salmonellosis
W ilso n 's earliest studies w ere carried o u t on the Salmonella g ro u p of bacteria, initially w ith T opley, w ho was w orking on the epidem ic spread of salm onellosis in experim ental populations of laboratory m ice, as a m odel for hum an epidem ic disease. In 1923 they p u b lish ed tw o papers in w hich they show ed th at the d u ratio n of transm issibility of the disease from infected anim als was relatively short (2, 3).
F u rth e r w ork revealed th a t although th e in tro d u ctio n of S.
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murium infection into m ixed populations of specifically im m u n ized and norm al m ice resulted in a higher infection rate and earlier d eath in the n o n -im m u n ized groups th an in th e ir im m u n ized cage-m ates, infection did occur in the vaccinated anim als, and th e ir m o rtality rate was high. T h u s , the im m unity resulting from vaccination was lim ited. Because of its relevance to experim ental infection, W ilson m ade a n u m b e r of studies of the virulence, and the p ro p o rtio n of total to viable organism s, in cultures of S . typhimurium of different ages (4), and assessed critically the usefulness of opacity as a m easure of bacterial n u m b e rs : he found it too subject to erro r for use in accurate en u m eratio n (5).
D u rin g the 1920s a good deal of controversy cen tred on the v ariation in virulence of cultures of organism s such as S . typhimurium w hich w ere used for the experim ental infection of m ice (6, 7). W eb ster (1923 a, b) of the R ockefeller In stitu te , N ew Y ork, claim ed th at, th o u g h th ere was som e variation betw een different strains of organism s such as S . typhi murium the virulence of any given strain was co n stan t, and th a t the variation seen in experim ental infection was in the susceptibility of the host anim als. H e observed th a t w hen 100 m ice w ere injected w ith S . typhimurium directly into the stom ach, 70 or 80 died, 5 or 10 w ere infected b u t recovered, and 20 or 30 show ed no sign of infection. H e concluded th a t 70-80 % of the m ice w ere highly susceptible, 5-10 % w ere m oderately susceptible, and 20-3fr% w ere totally resistant. H ow ever, W ilson show ed th a t cultures of S . typhimurium, w hen held for a tim e, declined in virulence, and th a t this decline resu lted from the replacem ent of m ost of the v iru len t organism s by aviru len t m u ta n ts (6). H e p u rsu ed this arg u m en t as fo llo w s:
Let us suggest an analogy. Imagine the case of a golfer on a putting green which, instead of one hole, contains a hundred holes, arranged in a semicircle at equidistant points. The golfer stands at the centre of the circle and makes a putt at each of the hundred holes in succession. We will presume either that he is a very good putter, or that the distance he stands from the hole is comparatively short. He therefore succeeds in holing his ball 70 tim es; 10 times he all but succeeds; and 20 times he misses by a considerable distance. As we understand Webster, he would explain this result by assuming that the success of 70 of the putts depended on peculiar receptivity of the particular holes that were aimed a t; that the near approach to success of 10 of the putts was determined by slight stand-offishness, and the complete failure of 20 of the putts by an unmistakable offensiveness on the part of the holes in question.
The result obtained by the golfer, in our opinion, is determined by a multiplicity of small factors over which he has only imperfect control... From a single series of putts it is clearly unjustifiable to come to any conclusion about the possible existence of variations in size of the holes upon the green, much less about the order in which these possible variations are arranged. In the mouse inoculation experiment there are similar numerous factors that cannot be perfectly controlled. These factors are all subject to disturbance, and it is for this reason that we doubt whether the survival of a mouse in any given experiment can be ascribed, as Webster apparently believes, to an inherent and permanent resistance rather than to the favourable combination of a number of factors liable to periodic fluctuation.
W ilson favoured the view th a t any cu ltu re consists of m any individual organism s w hich vary in one or m ore characters. M oreover, th e prevalence of the variants fluctuates greatly in tim e. C o n d itio n s of cu ltu re g ro w th m ay favour p a rticu lar variants, w hich m ay ultim ately replace the original strain, and this m ay affect the virulence of the cu ltu re. T h is p ap er was w ritten in 1928, b u t it certainly represen ts the m o d ern view.
Brucella and brucellosis
In 1923 T o p ley m oved to M an ch ester as p rofessor of bacteriology; W ilson accom panied him . M an ch ester U n iv ersity had long had a p ublic h ealth laboratory, established by S heridan D elepine in the 1890s. It was th erefore n atu ral th a t W ilson should em bark on research related to p ublic h ealth problem s. A t th a t tim e, and for long after, cow s' m ilk h arb o u red m icrobes of bovine diseases transm issible to m an. T h e bacteriological exam ination of m ilk was an im p o rtan t fu n ctio n of the pu b lic health laboratory, and its significance was a m ajor p reo ccu p atio n of W ilso n 's for m any years.
Som e of W ilso n 's m ost valuable w ork was th a t relating to brucellosis and tuberculosis. In 1926 he p u b lished a p ap er on the isolation of Brucella abortus and Mycobacterium tuberculosis from cow s' m ilk (10). H e found th a t 5*7 % of m ilks from single cows and 8*8 % of pooled m ilks w ere infected w ith Brucella abortus. H e also observed th a t 13 % of pooled m ilks contained tubercle bacilli.
T h e routine approach for the isolation of tu b ercle bacilli from suspect m aterial such as m ilk is injection into the thighs of guinea pigs. T h ese are killed after three weeks. W hen they have acquired tuberculosis from the m ilk they show anything from a single enlarged lym ph gland to infection of the w hole lym phatic chain w ith tubercles in the spleen, liver and lungs. C aseation is the rule, and acid-fast bacilli can be d em o n strated in sm ears of th e glands and grow n in suitable m edia. H ow ever, W ilson noticed th at som e guinea-pigs had enlarged and congested glands th a t show ed no caseation and did not carry acid-fast bacilli. C u ltu res of such glands, or of the spleen, yielded a small non-m otile gram -negative n o n -acid -fast bacillus, w hich proved to be Br. abortus. In some instances only th at organism was isolated, b u t in others the m ilk was contam inated w ith both Br. abortus and M . tuberculosis. T h is was the first isolation of Br. abortus from m ilk in B ritain, although it had been found in the U n ited States since 1911, and in G erm any since 1913. W ilson speculated on the possibility of hum an infection by m ilk contam inated w ith Br. abortus (11). T h e re was some serological evidence, b u t no bacteriological proof, although he and N ightingale isolated Br. abortus from the blood of a patient who may have been infected abroad (12) .
From the tim e of its first isolation by Bang in D enm ark in 1897, Br. abortus was shown to have unusual gas requirem ents. Freshly isolated cultures w ould grow in sealed tubes b u t w ould not grow anaerobically. It was not till 1921 th at the organism was found to require a raised tension of C 0 2 for satisfactory grow th. W ilson undertook an investigation of its gaseous requirem ents. H e established th at grow th in sealed tubes was facilitated by the C O a given off by the seal, and th at the gas was em itted by flamed cotton-w ool plugs, m elted paraffin wax, sealing wax, and even plain red ru b b er corks (13).
In a m ore detailed and quantitative study, W ilson (15) show ed th a t Br. abortus w ould not grow aerobically in the absence of C 0 2, or anaerobically if it were presen t; th at grow th occurred in partial pressures of 0 .5 -9 9 % of oxygen if at least 0 .5 % of C 0 2 was ad d ed ; and th at the optim al concentration of oxygen was about 21 % , and of C 0 2 about 1 0 % . F u rth e r w ork (16) established that the grow th of Br. abortus in agar shake tubes in a band about 5 m m from the surface, w hich had been observed by Bang in 1897, was caused by its C O a req u irem en t. T h e C 0 2 was em itted by the organism s, and still m ore by the m edia, especially w hen they contained serum . G row th was inhibited at the surface because of the escape of the C 0 2 into the atm osphere, and it could no t occur deep into the m edium because conditions there were anaerobic. T h u s it occurred in a zone in w hich the partial pressures of b o th C 0 2 and oxygen were optim al. W ilson suggested that the action of the C 0 2 was to diffuse rapidly through the cell wall, thereby low ering the p H to th at required by the organism .
T h e study of the brucellae was com plicated by the recognition of strains designated ' paramelitensis' and 'pa tion of the fact that such strains were partly rough, an irreversible change that occurred shortly after isolation, and resulted in confusion in serological type identification (19). W ilson pointed out the frequency of the sm ooth -> rough (S -> R) change in brucellae, and w ith A. A. M iles he em barked on a com prehensive serological exploration of the group (18). As in m any other organism s, notably the enterobacteria, the rough or R antigen is widely d istributed am ong all m em bers of the group, w hereas the S antigen is specific to the various types. By the use of freshly isolated strains of Br. abortus, Br. suis and Br. melitensis W ilson and M iles identified three m ain serological types, each corresponding to one variety of brucella. T h ere were two specific S antigens, w hich were carried in varying proportions. T h e serotype specificity was determ ined by the proportions of the S antigens present. T h e A {abortus) antigen p red o m in ated in Br. abortus and Br. suis and the M antigen in Br. melitensis. By quan titativ e agglutinin ab so rp tio n the m in o r antibodies could be rem oved so as to yield m onospecific agglu tin atin g sera, w hich w ere valuable diagnostic reagents. W ilson sum m arized his studies of th e g ro u p in the Journal of Hygiene in 1933 (22) .
Tuberculosis
W ilso n 's abso rp tio n w ith tubercle bacilli arose from the sam e source as his w ork w ith the b rucellae: th e ir presence in cow 's m ilk in ten d ed for h u m an co n sum ption (10). H e was in d ig n an t at this and, as we shall see, em barked on a long cam paign for the pasteu rizatio n of m ilk. A t th e sam e tim e he m o u n ted an intensive study of the tu b ercle bacillus, startin g in 1925 and lasting till 1952. H is initial effort in this field was an atte m p t to evolve a serological m eth o d of studying Mycobacterium tuberculosis (27), w hich did not prove productive, despite m u ch sophisticated and painstaking w ork.
W ilson was a m an of great precision, b o th in his outlook and his laboratory w ork. H is publications are m odels of E nglish prose, and th e ir fo rm at and layout are adm irable. H is laboratory tech n iq u es w ere m eticulously exact. H e was a very neat m an : all ap p aratu s was set o u t b e fo re h a n d ; every piece of e q u ip m en t was c h ec k e d ; and all m anipulations w ere precise and econom ical. T h e necessary controls w ere an autom atic co m p onent of all experim ental procedures. S taining techniques w ere follow ed accurately, incubation tim es and tem p eratu res w ere exactly controlled. B acterial counts, b oth m acroscopic and m icroscopic, were rigorously executed. A nd results w ere m in u tely scrutinized for sources of e rro r or statistical inaccuracy.
It will be und ersto o d , then, th a t he was in to leran t of sloppy w ork and hasty conclusions, too often of far-reaching significance. T h e re was m uch of th a t d u rin g the early days of bacteriology, and this was well d em o n strated in the controversial subject of tuberculosis bacillaem ia.
It was first claim ed th a t the tubercle bacillus could be found by m icro scopy in hum an blood by W eichselbaum in 1884, only tw o years after K och discovered the organism . Because of the im portance of tu b e r culosis, this attracted the attention of w orkers in m any countries, and resulted in a spate of claim s th a t acid-fast bacilli (A FB), diagnosed as tubercle bacilli, could be observed, not only in the blood of p atients suffering from tuberculosis, b u t also in th at of patients w ith o th er diseases, such as rheum atism , typhoid fever and tabes dorsalis, and from apparently perfectly fit subjects.
T h e M edical R esearch C ouncil com m issioned W ilson to investigate this problem , w hich he did w ith characteristic gusto and thoroughness (29). H is review of the a b u n d an t literatu re on the subject was com prehensive, w ith a description of the techniques used by each w orker in his quest for acid-fast (presum ptive tubercle) bacilli. H e analysed m inutely the papers of 57 individuals or groups, m ainly G erm an speaking, who had claim ed, betw een 1884 and 1932, to have observed AFB m icroscopically in the blood of tuberculous patients, and also of patients suffering from other diseases, and of m ore th an half of norm al subjects.
W ilson's rem ark on the last observation w a s : If more than 50 per cent of normal persons do in fact have a tuberculous bacillaemia, it must be concluded that tubercle bacilli are multiplying actively in the lungs or other organs of half the population without giving rise to any clinical manifestation of disease, or even necessarily to tuberculin hypersensitiveness. Such a conception would require further support than is afforded by the results of microscopical examination before it could be accepted.
T h e com m ent is very restrained! In fact, of course, the original observations w ere spurious. W ilson noted th at those w orkers w ho had used guinea-pig inoculation as th eir m eans of diagnosis had been able to find tubercle bacilli in only a few persons w ith advanced tu b ercu lar disease. In the 1920s L ow enstein had cultivated tubercle bacilli from the sputu m , u rine and pus of tu b ercu lar patients. H ow ever, although he had isolated the organism from the blood of infected anim als as early as 1905, he did no t use blood cu ltu re for this purpose in hum an patients u n til 1930. H e and his collaborators claim ed to find the bacilli in the blood of patients w ith a w ide variety of diseases. In W ilson's laboratory D r H erta Schw abacher em barked on a m arathon study of the cultivation of tubercle bacilli from the blood of patients w ith tuberculosis and other diseases. O f 281 tu b ercu lar patients, of w hom 138 were suffering from advanced disease, only th ree yielded tubercle bacilli directly in blood culture, and one post mortem from h eart blood. N ontubercular patients all gave negative results (18).
W ilson showed th at some of the spurious results p u rp o rtin g to show the presence of tubercle bacilli in the blood were attrib u tab le to reliance on direct m icroscopy of specim ens, w ith the possibility of environm ental contam ination of the preparations w ith artefacts such as fibrin threads or other organic fragm ents, w hile some resulted from confusion of tubercle bacilli w ith non-tu b ercu lar A FB in cultures. W ilson's M R C report (29) disposed once and for all of the chim era of tuberculous bacillaemia.
W ilson carried on a protracted battle against tuberculosis, and sought an animal m odel that could be used to reproduce the hum an disease, w hich often retrogresses spontaneously (31). H e did extensive experi m ental work w ith this objective in view. U nfortunately, how ever, the animals he used-guinea-pigs, rabbits and mice-suffered from p ro gressive disease, and at post-m ortem were found to have generalized tuberculosis w henever infection occurred, even w ith very small doses.
H e was uneasy about B C G vaccination because its p ro p o n e n ts had accu m ulated a m ass of data th a t defied statistical analysis. C h ild ren w ho w ere inoculated very soon after b irth w ere supervised by m edical a tten d an ts, nurses and th e ir p a re n ts ; they w ere carefully p ro tected from exposure to infection w ith the tu b ercle bacillus. By co n trast, unvaccinated ch ild ren w ere u n supervised. If they con tracted infection d u rin g the observation period, it could as well be due to th e ir g reater p ro b ab ility of exposure to infection as to a lack of protective effect of B C G . H e did how ever, conduct, w ith H e rta Schw abacher, a n u m b e r of investigations w ith m ice and guinea-pigs vaccinated w ith B C G and su b seq u en tly challenged w ith v iru len t tubercle bacilli. In b o th anim als B C G retard ed th e p rogress of infection b u t was in general unable to p rev en t d eath (32, 33) .
W ilson and his group also stu d ied guinea-pigs m ade tu b e rc u linsensitive w ith heat-killed tu bercle bacilli; d esensitization by repeated injection of tu b e rc u lin p ro d u ced a state in w hich the anim als resp o n d ed to infection w ith very sm all n u m b ers of v iru len t h u m an tu b ercle bacilli by surviving longer, and developing few er lesions post th an allergic (i.e. non-desensitized) and control (unsensitized) anim als. Im m u n ity was roughly inversely p ro p o rtio n al to the degree of skin h y p e r sensitivity at the tim e of challenge (34). H e firm ly believed th a t the allergy of tu b e rc u lin sensitivity constitutes a very valuable m echanism in th e defence of the body against invasion by the tu b ercle bacillus. H e was m u ch opposed to the views of those w ho claim ed th a t im m u n ity was in d ep en d en t of allergy.
Views on the efficacy of B C G vaccination against human tuberculosis
A lthough W ilson finally conceded th a t the case for B C G was estab lished (35), he p ointed out th a t th ere w ere variations in its efficacy in trials in different p arts of the w orld, and so far as policy tow ards its use is concerned, he accepted th a t w here there is a substantial am o u n t of tuberculosis, it should be used for im m unization. W here the incidence is very low, how ever, he believed th a t th ere was little to be gained from its ro u tine use except in special populations such as very young ch ild ren in tu b e rc u lar fam ilies, and for nurses and m edical stu d en ts. W here tuberculosis is rare, the use of B C G m ay be disadvantageous, in th a t it will convert the subjects affected to tu b ercu lin positivity, thereby rem oving a valuable aid to detecting the incidence of naturally occurring tuberculosis.
Bovine tuberculosis and infection in man
W ilson's interest in the risks to m an from bovine tuberculosis arose, of course, from his early detection of M . tuberculosis in cow s' m ilk in 1926 (10). H e regarded this as a source of tubercu lo sis th a t could and sh o u ld be eradicated. H e accordingly organized surveys to d eterm in e w hat p ro p o rtio n of the strains of the tu bercle bacillus isolated from h u m an cases of n o n -p u lm o n ary tu b e rc u lar disease w ere of th e bovine type. T h e results w ere p u b lished in 1952 (36): 2 6 .3 % of 996 strain s in E n g lan d , 17 % of 112 in W ales, and 2 1 .7 % of 1051 in Scotland, w ere of bovine type. T h is type was m ost com m on in child ren from 5 to 10 years, and in ad u lt fem ales.
A history of d rinking raw m ilk was m ore freq u e n t in p atien ts suffering from bovine-type th an h u m a n -ty p e infections, and in S cotland it was established th a t b o v ine-type infections w ere m o st co m m on w here th e m ilk was from u n g rad ed h erds and was d ru n k raw , and rarest in areas in w hich the m ilk source was attested h erds or was p asteu rized or otherw ise heat treated.
The comment on the frequency of bovine-type infection was as follows: ...in Great Britain as a whole [there were] in 1944 about 550 deaths from tuberculous meningitis and about 1050 from other forms of nonpulmonary tuberculosis due to infection with the bovine-type of tubercle bacillus. In Scotland alone between 3000 and 4000 of the notified cases of surgical tuberculosis were due to the same type of bacillus. For this imposing total of unnecessary and readily preventable disease, the blame must be laid almost wholly on raw infected milk.
Studies on the hygiene of milk
As we have m entioned, W ilso n 's concern ab o u t infection carried by cow s' m ilk was first declared in his p ap er in 1926 (10). T h e investigations w ere to continue for over 20 years, and th e ir ram ifications have already been seen in the sections dealing w ith his extensive research on brucellosis and tuberculosis. As was his custom , his w ork on m ilk was a co m prehensive cover of the various aspects of the subject. H e was aw are of the dangers p resented by this valuable food and was d e term in e d to expose th em and to form ulate procedures for th e ir elim ination. D esp ite the fact th a t he had carried o u t su bstantial studies since 1926, his first pub lication on the subject of m ilk p u rity was in 1932, w hen he surveyed on b eh alf of the League of N ations the m ilk -g rad in g system s p ractised in the U .S .A . (37). T h e U .S .A . was chosen because it had aim ed at 'c le a n ' m ilk since the m id -1 9 th century.
W ilson insisted th a t a safe m ilk supply was essential (38) . H e co n trasted the rigid control of the w ater supply w ith the lack of regulations for the cleanliness and safety of m ilk. C leanliness m ean t freedom from co n tam ination w ith d irt, pus, faeces and m any bacteria. B ut d irty m ilk can be safe to drink. Safety m eant freedom from pathogenic m icro organism s.
H e estim ated th a t there had probably been, betw een 1912 and 1931, about 100000 cases of tuberculosis of bovine origin and some thousands of cases of brucellosis, caused by the consum ption of contam inated milk. H e was a very strong advocate of pasteurization, and endeavoured to persuade the governm ent to make it com pulsory th ro u g h o u t B ritain, both by w riting num erous papers and reviews on the subject, and by heading a high-pow ered group of experts w ho m et at the L ondon School of H ygiene in M arch 1934 and m ade a forceful recom m endation th at all m ilk should be h eat-treated , and all herds should be tu b ercu lin tested before th eir m ilk was accepted for pasteurization (38) . T h ey even personally confronted the M in ister of H ealth and the M in ister of A griculture (him self a doctor) w ith th eir suggestions, w ithout success. In 1935 W ilson published, w ith colleagues, an extensive M edical R esearch C ouncil re p o rt: The bacteriological grading of milk (41).
W ilso n's criteria of m ilk p ro duction w ere th at it should be clean, from cattle genetically selected for optim al nu tritiv e m ilk yield, and pasteurized to elim inate all pathogenic bacteria. H e scorned bacterial plate counts as a m eth o d of assessing the bacteriological state of milk, pointing out th at ' the n u m b er of variations noticed in different laboratories is so great and the experim ental e rro r of the technique in the same laboratory is often so large as to deprive the results of any sem blance of com parability or e x ac titu d e '. H e felt th a t bacterial counts should be lim ited to high-class m ilks only, or replaced by a b etter test (41). In fact, he prom oted the m ethylene-blue reduction test as a su bstitute for counts, and it is now the accepted m ethod for grading raw m ilk (42).
T h e organism s concerned w ith unsafe m ilk w ere: tubercle bacilli; Brucella; the typhoid bacillus and other salm onellae; dysentery bacilli; haem olytic strep to co cci; and the d ip htheria bacillus. T h e first two bacteria originate in the cow 's udder. T h e rem ainder are from hum an cases or carriers, and can enter 'c le a n ' milk. W ilson's observations on the dangers of m ilk-borne infection were m arshalled in an extensive report to the League of N ations in 1937, in collaboration w ith D anish, D u tch and F ren ch associates (46). T h e quality of the presentation and the insight shown into the m any-faceted aspects of the problem bear the unm istakable stam p of W ilson's guidance.
W ilson pointed out th at m ilk-borne disease was rarely obtrusive: the diseases carried by m ilk could reach th eir target by a variety of other routes. U nless some special feature directed attention to milk, therefore, there was little chance that it w ould be inculpated as the vector of infection. H e cited the outbreak of septic sore th ro at in Copenhagen in 1935 as an ex am p le: this epidem ic affected about 10000 people, b u t there was no suspicion th at it was transm itted by m ilk until a scrupulous epidem iological enquiry drew attention to it.
The occurrence of a long incubation period and a gradual onset in some milk-borne diseases such as tuberculosis and undulant fever, serve to mask any direct relationship between the infection and the vehicle by which it was borne. It is, in fact, only within recent years that the very existence of undulant fever has been recognised and that its frequent milk-borne origin has been proved. (Ref. 46.) O n the subject of pasteurization, in p articular, W ilson had to fight a good deal of opposition because of ignorance, or the prejudice of tradition, or for purely financial reasons. H e also had to establish th at pasteurization did not affect the n utritiv e value of the m ilk (43, 44, 45) . It m ight be thought, bearing in m ind the long years of his cam paign, th at not a drop of unpasteurized m ilk w ould now be available for consum ption in Britain. U nfortunately, though alm ost all m ilk is now pasteurized, a small proportion can still be procured raw in this country, m ostly in rural areas close to the source of production.
In the repo rt to the League of N ations (46) W ilson b ro u g h t up to date the figures of disease caused by raw m ilk in B ritain. T h e re were probably over 113 outbreaks of epidem ic disease affecting about 14000 persons betw een 1912 and 1935. In addition, about 65000 persons died from tuberculosis of bovine origin, while an unknow n n u m b er, probably several thousand, suffered from u n d u la n t fever due to Br. abortus. If we com pare these figures w ith those of today, w hen m ilk-borne tuberculosis is elim inated and other infections greatly reduced by disease control in cattle and pasteurization of m ilk, the cause was certainly a m ost w orthy one.
W ilson's observations in this field w ere finalized in a review in Nature (47) and in book form (48).
The control of diphtheria
W ilson was instrum ental in introducing the m eth o d of com bined active and passive im m unization for the control of d ip h th eria outbreaks, w hich was tested in collaboration w ith other w orkers (60) (61) (62) . T h e procedure finally recom m ended was 0.3 ml of alum -precipitated d ip h th eria toxoid (A PT ) in one arm , and 500 units of antitoxin in the other. T h is was followed 4 weeks later by a fu rth er dose of 0.5 m l of A P T . G eneralized throat-sw abbing was carried out as soon as the outbreak was detected, and all diphtheria carriers were isolated un til 2 weeks after the second dose of A P T , by w hich tim e the antibody response was high enough to be protective. T h is m ethod was spectacularly successful in controlling outbreaks in closed com m unities such as residential schools and institutions, w hich did not need to be closed w hen the infection was detected (60) . Since the introduction of generalized d ip h th eria im m uniza tion in 1940 the incidence of diphtheria has fallen strikingly, so th at a single case of diphtheria (w hich killed 10000 people in 1901) is now regarded as an item of news.
W ilson was a strong advocate of such generalized im m unization in early life (though he was opposed to m ass vaccination as a panic m easure), and was always prep ared to help to organize vaccine trials while he d irected the P H L S . H e was well aw are, how ever, th at vaccination p resented certain risks, and in 1966 he delivered the H eath C lark lectures at the L on d o n School of H ygiene and T ro p ical M edicine on 'T h e hazards of im m u n iz a tio n ', follow ing them up in 1967 w ith an expanded version in a book of the sam e title (83). T h is book contains accounts of a n u m b e r of disasters, m ostly associated w ith the early days of p articu lar vaccines or antisera. B ut he stressed the need for continuous skill, care and vigilance in the preparation and use of all such agents.
I have come to the conclusion that no vaccine or antiserum can be regarded as completely safe. Some are very much safer than others, but no vaccine or antiserum that has been used has been free from complications or accidents of one sort or another.
The fact that all forms of active and passive immunisation are potentially dangerous is no condemnation of their u se.... It is fair to conclude that most of the well-known protective immunological agents that we use do a great deal more good than harm. The complications and accidents for which they are from time to time responsible must be looked upon as the price we pay for the protection these agents confer upon us. There is no insurance without a premium. Our business is to provide a greater and more comprehensive insurance and to diminish the size of the premium.
The phage typing of staphylococci
In 1938 a m ethod of typing the typhoid bacillus by m eans of bacteriophage was described by C raigie & Yen (193 8 T h is was m ade possible by the rem arkable flexibility of host range of the phage concerned, the specificity of w hich was determ in ed by the last typhoid strain on w hich it had been propagated. D r A. Feliz, F .R .S ., who had studied typhoid fever for m any years, w orked in the E nteric Reference L ab oratory of the P H L S from 1939. H e adopted and extended C raigie's ty p h oid typing schem e, and provided a very useful typing service in B ritain from 1940 onw ards.
In the U nited States, Fisk had isolated a n u m b er of phages active against staphylococci, and it occurred to W ilson th at a phage-typing m ethod m ight be developed for the epidem iological study of Staphylo coccus aureus, responsible for enterotoxic food poisoning and for sepsis in hospital w ards and m aternity hom es. W ith a range of phages isolated from lysogenic strains of staphylococci, he produced a typing schem e that distinguished 21 staphylococcal types. T h is schem e has been expanded and im proved, and is now a very im p o rtan t tool in staphylococcal epidem iology in m ost countries. T h e present schem e is directly derived from that of W ilson & A tkinson (77), and even uses some of the phages originally isolated by them .
The Public Health Laboratory Service
W ilson was involved in the developm ent of the E m ergency Public H ealth L ab o rato ry Service from the sta rt; T o p ley , his colleague in th e L o n d o n School of H ygiene and T ro p ica l D iseases, was the ch airm an of the E m ergency Bacteriological Services C om m ittee set up by the M edical R esearch C ouncil in 1937 to plan a netw ork of laboratories designed to cope w ith the epidem ics of infectious disease th a t w ere expected to follow w artim e aerial attack on the tow ns and cities and co n seq u en t displacem ent of the u rb an populations. T h e plans and inventories for the laboratories w ere draw n up in great detail and W ilso n 's know ledge of laboratory tech n iques and his m eticulous approach to everything m u st surely have co n trib u te d substantially to the fact th a t w hen the laboratories w ere m obilized at the outbreak of w ar in S ep tem b er 1939, they fo u n d them selves well eq u ip p ed to provide a diagnostic bacteriological service w ithin a very few days.
T h e M R C was responsible for the m anagem ent of th e E m ergency Public H ealth L ab o rato ry Service. D u rin g the first 18 m o n th s of th e w ar, the detailed direction was, according to an u n p A lthough W ilson once asserted th a t w hat he p lan n ed for the Public H ealth L aboratory Service (P H L S ) was sim ply w hat T o p ley had envisaged, the Service in its developed state, say in 1960, was u n d o u b ted ly W ilson's creation. T h e origin of the Service, as an em ergency service designed to com bat the infectious diseases th a t m ig h t resu lt from dam age by enem y action and the dispersal of the p o p u latio n (or even bacterial w arfare), m eant th a t the m edical and scientific staff w ere concerned solely w ith bacteriology and did not, like the great m ajority of pathologists in hospital laboratories, have to take charge of histopathology, b iochem istry and haem atology as well. W ilson stuck steadfastly to the idea th at the P H L S should be concerned solely w ith m icrobiological problem s, and th at it should not enter any of the other areas for w hich laboratory services are needed by the public health services.
T h e Em ergency Public H ealth L aboratory Service was adm inistered by the M R C on behalf of the M inistry of H ealth. W hen the plans for the p erm anent postw ar service were being discussed there was agreem ent on the need for a country-w ide service b u t debate as to w hether the public health laboratories should be part of a national pathological laboratory service, or w hether they should be organized independently. A t first W ilson seems to have supported the idea of a national service covering all disciplines of pathology, as well as public health bacteriology, b u t the decision was eventually m ade to establish a separate Public H ealth L aboratory Service. T h e re was then the question of who should adm inister it. W ilson was very anxious th at the M R C should continue in this role, and in support of this plea laid great stress on the capabilities of the Service for research and for the training of potential research w orkers; he also played dow n the adm inistrative load that the Council w ould have to bear. In the event the Council was persuaded to carry the adm inistrative responsibility, and continued to do so, latterly som ew hat against its will, until 1961.
M any of the early m em bers of the staff had been W ilson's colleagues or pupils on the D iplom a in Bacteriology course at the L ondon School of H ygiene, thus setting from the start a high standard of technical bacteriology, and the m aintenance of such standards was central to W ilson's m anagem ent of the Service. Some m ight have required all the laboratories to use a single 'a p p ro v e d ' m ethod, bu t this was not W ilson's w ay; he allowed the laboratory directors great freedom to develop their own m ethods, b u t he was always ready w ith help and com m ent to ensure th at the m ethods were good. H e was able to do this well because he m ade a point of visiting all the laboratories of the Service at regular annual intervals and, from 1945 onw ards, he chaired the five m eetings a year of the ' Staff C o m m itte e ', which com prised the directors of all the constituent labo rato ries; and he ensured that discussion and criticism of technical m ethods form ed a large part of the business of these m eetings. W ilson's annual visits to the constituent laboratories of the P H L S , made if possible partly by bicycle, kept him inform ed of the ways in w hich the staff and the laboratories were working, and offered him o p p ortunity to give valuable advice on the whole range of problem s-technical, epidem iological and adm inistrative-that the directors were facing. He m ade sim ilar visits to the reference laboratories at Colindale once a fortnight.
A nother way in w hich W ilson kept him self inform ed of the w orking of the laboratories was by requesting that all scientific papers by m em bers of the staff should be subm itted to him before publication. He was com m only able to offer valuable textual and scientific com m ent (and not infrequently to dem onstrate some erro r in arithm etic or bibliography), and he sum m arized his advice in an adm irable, and adm irably concise, paper entitled ' G uidance in preparing the typescript of scientific papers ' (81) W ilson laid great em phasis on the selection of staff and he interview ed all potential m edical and senior scientific recruits him self, at great length and in great depth. H e gave considerable, although largely concealed, attention to the personal as well as the scientific needs of m em bers of the staff in his decision (and it was his decision) as to the laboratory to w hich they should be posted.
W ilson devised a training schem e for m edical graduates recru ited to the Service, and arranged for all recruits to receive p ro p er training, long before the idea of such program m es becam e accepted in o ther branches of pathology, or indeed of m edicine. T h e five-year schem e, w hich he outlined as early as 1945, continued in operation for m any years and provided a very suitable education for trainees proposing to sit the m em bership exam ination of the Royal College of Pathologists.
W ilson has described his m ethod of adm inistration of the Public H ealth L aboratory Service as essentially p e rso n al; indeed he and his one real confidant, L andsborough T h om so n , seem to have ru n the org an ization very m uch on th eir own, w ith o u t help or hindrance from advisory com m ittees, or very m uch active involvem ent of the M edical Research C ouncil's P H L S Board. W ilson was, m oreover, distinctively secretive as regards his p la n s ; he w rote th a t one of his reasons for never having a deputy was his desire to avoid possible leaks of inform ation about his intentions while negotiations w ere in progress. Even D onald Fairrie, who was appointed Secretary to the statutory P H L S Board set up in 1961, had difficulty in ascertaining w hat resources m ight be needed for the next round of developm ent.
A t the outbreak of w ar the em ergency laboratories were m ostly established in the laboratories of public schools in rural a re as; d u rin g the next few years, and indeed right up to the tim e he retired in 1963, W ilson took on the task of finding new locations for the original set, and locations for siting an increasing num ber of new laboratories. T h is involved him in negotiation w ith public health authorities, pathologists and adm inis trators in the hospitals, and the M inistry of H ealth. It was a help to be able to offer a 'fre e ' service to local health authorities and, although W ilson had asserted in his M ilroy L ectures (53) and elsew here th at public-health bacteriology ought to be kept separate from hospital pathology, he nevertheless seems on occasion to have used an offer to help w ith the hospital work as a lever to establish a laboratory in a hospital.
H aving found a site for a new laboratory, W ilson concerned him self intim ately w ith its plan n in g ; indeed for new laboratory buildings he prep ared q u a rte r-in c h plans indicating in detail the arrangem ent of benches, w indow s and services.
As tim e w ent on, it becam e clear th at the rigid separation of publichealth bacteriology and hospital bacteriology, stressed by W ilson in his M ilroy L ectures, could not be sustained, and the laboratories of the Service becam e to an increasing extent concerned w ith hospital b acterio lo g y ; there was a suspicion in some q u arters th at W ilson saw the ultim ate arrangem ent as one in w hich the P H L S w ould provide the bacteriological services for all the hospitals (a proposition th at H ow ie hastened to deny w hen he succeeded W ilson as D irecto r of the P H L S in 1963).
In his subm ission to the M R C supp o rtin g the proposition th at the C ouncil should adm inister the Service, W ilson stressed the potential for research into diagnostic m ethods and epidem iological problem s, and in m ore 'fu n d a m e n ta l' ways, and the A nnual R eports of the work of the service, w hich appeared in the M R C A nnual R eport until 1961, em phasized the research w ork carried out, alm ost to the exclusion of reference to the increasing volum e of routine diagnostic work. W ilson was p articularly p ro u d of the way in w hich groups of laboratories in the Service could engage in collaborative research, and a long series of publications by m em bers of the Service, although practically never including W ilson's nam e am ong the participants, dem onstrated the capabilities of the service for research and bear w itness to his encouragem ent, constructive criticism , and su p p o rt for such work.
U n d e r W ilson's direction the Public H ealth L aboratory Service becam e an im p o rtan t national resource and attracted visitors from universities and laboratories in m any countries and from m ajor international organizations, both to study the organization of the Service and to see and participate in its research activities. T h e constituent units of the C entral Public H ealth L aboratory, w hich opened at Colindale in 1946, were encouraged by W ilson to develop relevant research program m es, in some cases directly applied to c u rren t problem s in public health, such as food poisoning or cross-infection in hospitals, and in others tackling fundam ental aspects of m icrobiology, such as the interactions of bacteriophage, plasm ids and bacterial cell. W ilson's policy, like th at adopted by the M R C in respect of its research units, was to appoint the directors of the reference laboratories and allow them to develop their program m es very m uch as they wished. T h is policy undoubtedly led to some lack of balance in the developm ents of the routine services of the reference laboratories and their research program m es, b u t the benefits were considerable, as dem onstrated by the great outp u t of research reports and the continued developm ent of im proved techniques for m any aspects of bacteriology and virology. W ilson always stressed the im portance of epidem iology and, if he had had his way, w ould have appointed several specialist epidem iologists in the regional laboratories of the Service. H e did set u p the Epidem iological R esearch L aboratory at C olindale in 1947, and w orked h ard to develop good relations w ith the m edical officers in health, w ho had at first been som ew hat jealous of the S ervice's involvem ent in epidem iology.
As in relation to his prew ar cam paign for the pasteu rizatio n of m ilk, W ilson w rote several accounts of the w ork of the Service, d irected at different professional groups. H e had described th e w ork of th e em ergency service du rin g the w ar in the R ep o rt of the C h ief M edical Officer of the M in istry of H ealth for 1946 (52). In his M ilroy L ectu res, in 1948 (53), he stressed the im portance of a national laboratory netw ork and set out his belief th a t the bacteriological w ork req u ired for p ublic health was different from th a t practised in hospital laboratories, and th a t the tw o services should be kept separate. H e stressed the collaborative, and epidem iologically oriented, bacteriology req u ired for public health in his presidential address to the Royal S anitary In stitu te (54), and in a co n trib u tio n to a textbook of public h ealth (55); and sim ilarly he explained the ways in w hich the Service could assist general p ractitio n ers in a p aper in The Practitioner (59). T h e research activities of the Service w ere stressed in the successive A nnual R eports of th e M edical R esearch C ouncil, in a special n u m b e r of the British Medical Bulletin (56) and in a paper in the M onthly Bulletin of the M inistry of Health and Public Health Laboratory S e r v i c e , in 1951 (57).
Topley & Wilson's Principles of bacteriology and immunity
T h is textbook (85), probably th e m ost distin g u ish ed of its genre, had its origins in the course for the D iplom a in B acteriology, organized initially by T op ley & W ilson w hile they w ere in M an ch ester from 1923 to 1927, and subsequently at the L o n d o n School of H ygiene, to w hich they m oved in 1927. It was w ritten at the invitation of E d w ard A rnold th e publisher, to fill the needs of postgraduate stu d en ts, w ho req u ired far m ore th an the cursory instru ctio n offered to m edical and veterinary stu d ents by either th eir teachers or th e ir textbooks. T h e first edition appeared in two volum es in 1929. F ro m the start it was divided into four sections. P art I : G eneral B acteriology: a statem en t of the biological and scientific features of bacteria. P a rt I I : System atic B acteriology: a com prehensive description of the know n bacteria, no t only of h u m an and veterinary im portance, b u t also of agricultural significance. P a rt I I I dealt w ith im m unity, th at is, infection and resistance; and P a rt IV w ith the application of bacteriology to m edicine and hygiene, discussing the natural history of diseases caused by bacterial infection.
T h e text was scholarly and clear, and profusely illu strated w ith tables, graphs, photographs and photom icrographs, and often provided the q u an titativ e data on w hich the conclusions w ere based. T h e biblio g rap h y was exhaustive, and provided a rich source of fu rth e r reading. 'T o p ley & W ils o n ', as it was quickly d u b b ed , was at th a t tim e th e only academ ic bacteriology textbook in E nglish, and because of its high quality and m eticulous tre a tm e n t it was an in stan t success, no t only in E nglishspeaking countries, b u t th ro u g h o u t the w orld. T h e first edition appeared in 1929 and was re p rin te d in 1931, 1932 and 1934 ; th e second edition, in one volum e, was p u b lished in 1936 and re p rin te d in 1937, 1938, 1941 (tw ice), 1943 and 1944 ; th e th ird edition, in tw o volum es, appeared in 1946 and was re p rin te d in 1949. A nd successive editions, sim ilarly re p rin te d , up to the seventh, w ere p u b lish ed in 1955, 1964, 1975 and 1983-1984 . T h e seventh edition is in fo u r volum es, th e last dealing entirely w ith virology.
In 1941 T o p ley becam e S ecretary of the A g ricu ltu ral R esearch C ouncil and could no t continue as jo in t au thor. H e was replaced by Professor (later Sir) A shley M iles. In all editions, help by a sm all n u m b e r of individual experts in the p rep aratio n of the text was acknow ledged, b u t the a u th o rsh ip rem ained p rim arily th at, first of T o p ley and W ilson (editions 1 and 2), th e n W ilson and M iles (editions 3 and 4). A few outside au th o rs co n trib u te d to editions 5 and 6. In the seventh edition, how ever, a radical change took place. T h e G eneral E d ito rs' Preface adm its th a t the b u rg eoning of m icrobiological know ledge d u rin g the previous ten years had m ade overall coverage of the w hole field by W ilson and M iles alone, or even w ith a few colleagues, im possible. T h e y th erefo re invited over fifty experts to co n trib u te chapters in th e ir special fields, w ith the result th a t the w hole book has been either rew ritten or revised. W ilson co n tin u ed to play a very great p art in ed itin g the co n trib u tio n s and in setting the style for the book, although w ith n u m ero u s authors it has been im possible to m aintain all the qualities of the earlier editions.
It is relevant here to quote M iss B arry, W ilso n 's S ecretary /A ssistan t from 1938 to 1963, on the subject of W ilso n 's modus operandi in relation to T h e Book, as it was know n to his im m ediate circle: Throughout G .S.'s directorship of the PH LS his work on T and W was done strictly in his 'spare tim e' and not during office hours-except for some reading and proof reading done on train journeys. There were few days when he did not do some work on the book, but this was [done] in the evenings and at weekends. So far as I know.
The methodical precision with which he undertook the revision of the various editions (latterly with a growing number of authors and editors) was beautiful in its simplicity, and utterly amazing in the size of the operation. Thousands and thousands of little ' slips ' of paper, about 1" x 2 §" in size, and provided by Edward Arnold, were each filled with one new entry; each was marked with the old page number and the paragraph where it was to be placed, and written in his neat hand with never, or almost never, a correction. And the thousands and thousands of references to be inserted or removed, both in the text and at the end of each chapter and nothing ever got lost or in a m uddle! The complex index was also revised by hand in the earlier editions, in a similarly orderly way. Though Sir Graham always came to Editorial discussions about a new edition of Topley & Wilson with clear, deliberate and well-considered views on all matters, he never presented these until we turned to him. Thereafter he didn't repeat his reasons as many do in discussion, believing that one clear, well-argued statement was all that was necessary. Others would imitate this excellent habit and as *G .S.' would always listen attentively to all views expressed, the Editorial conferences were marked by few digressions and much was accomplished in remarkably little time.
During the preparation of the manuscript for the last edition 'G .S .' was knocked from his bicycle and spent some weeks in University College Hospital. I visited him several times and found his bed and an extra large bedside table well covered in piles of typescript. He was radiantly happy over the fact that the fall had not impaired his ability to edit these scripts, though he was wrestling with his consultant's advice that his ankle should be fused in the arthrodesis procedure which permanently stiffens the joints. This would inevitably mean the end of his cycling days.
P e r s o n a l i t y
T h e pictu re of V^ilson th a t finally em erges is th a t of a m an of form idable in te lle c t; an academ ic w ho greatly c o n trib u te d to th e know ledge of m icrobiology, yet was dedicated to p ro m o tin g th e practical application of th a t know ledge to the co n tro l of infection. H e was a d istin guished teacher, and regarded teaching as a vocation, w hich he was splendidly qualified to practise. H e insisted th a t research was an essential p a rt of daily w ork, and left his staff free to choose th e ir ow n research projects. H e left b eh in d him a b an d of m icrobiologists u n iq u ely eq u ip p ed for the diagnosis, epidem iological study and co n tro l of infectious diseases, a Service capable of sustaining his tenets, and a heritage of m icrobiological know ledge th a t few could equal.
W ilson was deeply religious-a faithful and active m em b er of the A nglican C h u rch . H e was for over 20 years V icar's W ard en at S t A n n e 's Brookfield, H ighgate W est H ill. A fter the d eath of his wife he m oved to a flat in M o rp e th T e rrace, S.W . 1, and gained great hap p in ess from atten d in g the 8 a.m . S unday C o m m u n io n service at W estm in ste r A bbey.
H e was difficult to know intim ately, because he was shy and reserved, and because his relations w ith m ost of his colleagues, alm ost in d e p en d en tly of how long they had know n him , w ere based exclusively on professional m atters. T h a t is w hy m any of his fo rm er colleagues have v o lu n teered the statem en t th a t despite long association w ith him they did n o t really know him . A lthough he was w idely know n as ' G .S . ' relatively few people addressed him personally in this way. H e had no c o n versational sm all change, and did n o t succeed in infusing a personal note into professional discussions. H is a p p aren t rem oteness stem m ed from his capacity for total co n cen tratio n on professional m atters to the exclusion of personal relationships so th at, for exam ple, reflections on a pleasant and friendly d in n e r w ith a colleague and his wife on the preceding evening w ould be dism issed as irrelevant w hen he visited th a t colleague's lab o ratory on the follow ing m orning. T h is was entirely due to his unconscious b u t total ab so rption w ith th e m a tte r in han d , and no t at all to negation of the friendly relationship of th e n ig h t before (B .M .). In general he avoided accepting hospitality from colleagues d u rin g his periodic visits to th e ir laboratories, no t because he was standoffish b u t because he was shy, and also because he did no t w ish to arouse resen tm en t in those w ho did not feel able to invite him . H ow ever, w hen he did accept such invitations he was a charm ing, inform al and en tertain in g guest. A nd d u rin g his laborato ry visits, he got great pleasure from sitting dow n w ith the technical staff to discuss the bacterial grow th on agar plates, or to stain and exam ine a few m icroscope slides h im s e lf: it can be im agined how im pressed w ere th e technicians to discover th at th e great m an was really very unassum ing and hum an.
A com m on description of W ilso n 's ch aracter was 'c o ld ', an ep ith et endorsed by his ice-blue eyes, direct gaze and ra th e r austere appearance. B ut all w ho knew him well have testified to the com passion and frien d sh ip th a t lay beneath th a t superficially cold exterior. H e was professionally obsessional and dedicated, b u t he really cared about people, especially the staff of the P H L S . All m edical and senior scientific m em bers of staff were interview ed and selected by h im ; and m any had am using m em ories of th e ir interview s. F o r exam ple, one of us (E .S.A .) asked w h eth er he was in terested in m usic, gave an em phatic affirm ative. 'D o you play an in s tru m e n t? ' he was asked. 'Yes the v io lin .' he replied. 'A nd do you practise regularly ? ' 'W ell, I like to get in tw o or th ree hours, tw o or th ree tim es a week. ' It w ould be an exaggeration to say th a t W ilson blenched, b u t he sat back in his chair w ith a look of dism ay and exclaim ed ' G ood H eavens, you can 't do th at! If y o u 're a m icrobiologist you have no tim e for practising m usic. M icrobiology is a full tim e j o b ! ' T h e victim hastily ad m itted th a t he had fallen behind in practice lately. B ut he felt (w rongly, as it transpired) th at he had seriously dam aged his prospects of jo in in g the Service. In retrospect, he has often w ondered w h eth er he was the victim of a leg-pull.
F o rm er colleagues have rem arked on the false im pression of coldness attrib u te d to W ilson:
At the personal level many thought him hard, unapproachable, unfriendly, even uncaring; they felt they never got to know him too, but this was rather a different matter. Yet the truth about him must have shown through, for in any gathering with his colleagues it did not take long for the evident affection in which he was held to em erge; and without that and the trust he inspired he could not have achieved what he did in circumstances as difficult as they were throughout the 1950s. It is true, however, that he never set out to win approval, friendship or affection-I 'm sure he would have thought it improper to do so. What he did was to bring his entire concentration to the work before him; and where his staff were concerned this demanded a degree of detachment if he was to bring the same cool and careful judgement to each situation. (M.B.)
I suppose the summary is that I admired Graham as a scientist teacher and organiser and I liked him as a man. You can't get much better than that. Some people thought him a cold fish; but he wasn't. (G.E.G.) G.S.W . loved his colleagues, his staff, and his neighbours as himself. His self-discipline was inspired. His unusual mental ability and practical efficiency gave him great self-confidence among others but humility before God. He had the courage to act and to lead. His problem, and perhaps his tragedy, was that he often could not express that love of his neighbour in a way that was understood. He was alone and to that extent was sad.
To the academic world and to the practical world, his life was an example of enormous achievement by a dedicated and simple man with enormous gifts. (E.T.) O ne of the few colleagues w ho did becom e a personal frien d w rite s :
At home he and Lady Wilson made a gracious pair and dinner parties were informal and amusing with a taste of the home-made wine [sloe gin], which he relished. His domestication was surprising; aroused about 6 a.m. one found him making breakfast and calling for all shoes for him to polish. Naturally reserved, some found him forbidding, but few had the opportunity to be befriended by such a man.
One of my last and very welcome meetings with GS was at the Athenaeum, for tea in the old library. At the bottom of the long steep flight of stairs he asked whether I could climb them, 'there is a lift', with reservation. At close on ninety, and with a healed fracture of the leg, he was almost more nimble up the stairs than his visitor. He left that wet evening to buy potatoes for his housekeeper-too heavy for her to carry. He had gallantry and charm as well as a brilliant mind and a dedicated purpose for life.
His 90th birthday speech [at the Royal College of Physicians] was clear, expressive and appreciative of all his PH LS friends. It must have been the last time many of us heard him speak. It is difficult to do justice to such a character who must have influenced so many lives. (B.C.H.) W ilson was no w o rsh ip p er of th e m o to r car. H is p referred form of tra n sp o rt was the bicycle, w hich was an inseparable p a rt of the W ilson im age. H e habitually cycled the six m iles from his hom e in H ighgate to O ld Q ueen S treet, W estm in ster, w hen the P H L S H ead Office was at M R C H ead q u arters. A good deal of the re tu rn jo u rn e y to H ighgate was uphill, b u t th a t did no t d a u n t W ilson, w ho pedalled it enthusiastically, freq u en tly w ith a heavily laden briefcase on his carrier. W ilso n 's bicycle com m only graced th e portico of the A th en aeu m , w here he often lunched. W hen he carried o u t his annual visits to the outlying laboratories, he travelled the m ain jo u rn e y by tra in b u t p u t the bicycle in th e g u a rd 's van, leaving the tra in at a convenient p o in t so th a t he could cycle the rem ain d er of th e jo u rn ey . W hen tw o laboratories w ere w ithin reasonable distance of each oth er, he w ould use the bicycle as the connecting link. A t a tim e w hen m any people regarded a car increasingly as a prestige sym bol, W ilso n 's loyalty to the bicycle was reg arded w ith som e perp lex ity :
One laboratory director was dismayed by this cycling, and remarked that where he worked a m an's status was judged by the size and newness of his motor-car. ' What sort of an organization is this PH LS, whose Director arrives from London on a bicycle ? ' he was asked. He said it took him months to try to regain the esteem of his colleagues after the annual visit. (J.N.) W ilson p referred the bicycle for a n u m b e r of reasons: he greatly enjoyed riding it; it was an efficient m etho d of keeping fit; it enabled him to get away from m ain roads and to explore the u n sp o ilt c o u n try sid e ; and w ith it he could visit and study old churches. It was his custom (w hich he m aintained into his 80s) to cycle 100 m iles on or near his b irth d ay each year.
T h e bicycle has often been m entioned in correspondence d u rin g the p rep aratio n of this m em o ir: __ More remarkable still was a later exploit a few months before his 83 rd birthday. I learned that he planned to spend a week with friends in north Somerset and invited him to come over to Exmouth and spend a night with us. I had a postcard from him saying that he would probably cycle from Exeter and hoped to arrive with us at six o'clock. Punctually at six I saw him from my study window cycling up the quite steep hill to our house. When I asked if he had enjoyed the ten-mile ride from Exeter, he told me he had in fact ridden all the way from north Somerset, about fifty miles. His only problem had been a tiresome head wind. His first request was for a gadget to measure the precise length of his journey and he was obviously disappointed in me for not having one in the house. He ate an enormous dinner and was the life and soul of the party until 10.30 p.m., when he got up and said it was his bedtime. (B.M.)
He was fascinated by and an authority on the flint churches of East Anglia. When he visited me at the Ipswich laboratory he would bring his bicycle on the train. On the completion of his visit he would set off to cycle to the Norwich laboratory by way of the side roads and pretty villages, each with its distinctive church dating back to the days of the prosperous wool merchants. Inclement weather was not permitted to interfere with such journeys, and I have seen him set off in oilskins on a wet and stormy day that would have deterred almost all others. (J.M .S.D.) W ilson was a great lover of E nglish literatu re. E ach year he read th ro u g h all of Shakespeare's plays, and on his travels he often carried pocket editions of individual plays. H e had m em orized m u ch from th e Bible. As w ould be expected, he was fastidious in w ritin g papers, and he applied this critical outlook to the staff of the P H L S . All papers had to be su b m itted to him for scru tin y : the layout and tex t w ere im p ro v ed if necessary; and statistics and o th er num erical d ata w ere checked. A lthough we som etim es found this ra th e r irksom e, we w ere grateful for it in the long term , since it inevitably im p ro v ed o u r ow n style of w riting.
Miscellany Wilson at the London School of H y g i e n e:
A very rare event was an error on his part-treasured with affection ever after. G.S. was irritated by the habit students have of sitting waving their wire loop to cool it after flaming. On this occasion the offender was asked 'Do you not know how long it takes a loop to cool?' 'No, s ir'. 'Five seconds'. Seeing apparent disbelief he took the loop, flamed it, and held it steadily while counting up to five, whereupon he placed the loop between thum b and forefinger. There was a very faint hiss and a tiny wisp of smoke rose. Six seconds for the heavier gauge, was the impassive comment. The only time when laughter could not be suppressed was when the method of taking the pressure in a blown can was demonstrated. G.S. had invented a plunger like a large hypodermic needle with hand grips on each side. It was attached by rubber tubing to an open-ended U -tube containing mercury. This was mounted vertically against a scale. On this occasion the can was very well blown and convex at each end, rather like a bomb. It proved extremely difficult to puncture with the sharpened point. Eventually a tremendous effort by G.S. was successful. However, the pressure released was far greater than the apparatus had been designed for. There was a bang followed by a heavy spattering as mercury droplets fell, followed by a more gentle rain as the baked beans followed. G.S. and those of us watching the demonstration closely were covered in beans like in a slapstick comedy. It was all too much and the assembly was reduced to hysterics. (J.N.) G.S. was a man who set impossible standards. When getting up on Sunday morning A.C.T. would see G.S. [a keen gardener] already at work in the garden hoeing his cabbages. He would still be in the garden working on the vegetables when A.C.T. left for church, but on arrival at the church he would be handed his hymnbook by an immaculately suited G.S.-now in his role as sidesman. After the service-but you can imagine the sequel-when A.C.T. arrived home there was G.S. in the garden again, mowing the lawn.
The explanation lies in time and motion study. G.S. kept the appropriate clothes ready in the most appropriate place so as to waste no time in changing, and the bicycle was always to hand. (J.N.) W e have already referred to W ilso n 's broken leg, w hich he suffered in his late eighties by being knocked from his bicycle by a car. D r M air T h o m as, th e n a m icrobiologist at U niversity College H ospital, visited him on the w ard, and w rites as follow s:
He had severe multiple fractures of the leg and a good many bruises besides. The X-rays looked terrible and he was quite shocked. I went to see him. He looked very frail and sleepy. I spoke his name. To my surprise his eyes, blue-gray and intelligent, shot wide open and he greeted me. I asked how his imprisoned leg felt and said some sympathetic things.
' I don't know, he sighed. 'They showed me the films. It is badly broken. The bones may not unite' ...'You and I know ', I said, 'that it is function and not structure that really matters in biology. I see no reason why you should not recover your walking although it is bound to be slow. Even if the bone pieces don't unite they may form a fibrous union. D on't be intimidated by the photographs. ' M air T h o m as visited him regularly and even atten d ed to his foot hygiene, as the chiropodist had a long w aiting list. H is leg function im proved slowly.
Many weeks later while I was working in the microbiology department I was called to the phone. Please could I go to the specimen reception area as a visitor was calling for me. When the door of the lift opened G.S. stepped out, alone, a walking stick in his hand and smiled broadly. He carefully laid the stick against the Haematology Collection shelf and walked towards me.
'Look, no hands!' he said. Sir Graham demonstrated in the consistency of his personal dealings with everyone that a great man is seen to be important in the eyes of others but never in his own. It was therefore quite as natural for him to take no offence at our Receptionist's remark [referring to him as ' M r Wilson '] as it was his second nature to esteem every lady one to whom he should offer his seat. He was 89, when following his daily custom, he boarded a crowded number 24 bus at the Victoria Street stop near his flat. After quite a lengthy conversation a young lady managed to persuade him to take her seat. He was ill at ease until later in the journey she found another vacant seat. His delight was signalled to her when he rose to leave the bus at Tottenham Court Road to make his way to the laboratory. He smiled his appreciation and waved to his benefactor. All this I viewed from the far end of the same bus.
H e did not cease to w ork w hen he retired from directorship of the P H L S in 1963. Indeed, he was active for the rem ainder of his life. H is creative drive was astonishing. A few weeks before his death at 91 he
